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1
WIDE BAND LNA WITH NOISE CANCELING

CLAIM OF PRIORITY UNDER 35 U.S.C. §120

The present Application for Patent 1s a divisional of Ser.
No. 12/796,593, now U.S. Pat. No. 8,138,835, entitled
“WIDE BAND LNA WITH NOISE CANCELING” filed
Jun. 8, 2010, which 1ssued on Mar. 20, 2012 and which claims
priority to Provisional Application No. 61/303,589, entitled
“Noise Cancelling Wideband LNA” filed Feb. 11, 2010, and
assigned to the assignee hereol and hereby expressly incor-
porated by reference herein.

TECHNICAL FIELD

The present disclosure relates to electronics and more par-
ticularly to the field of wide band low noise amplifiers for
radio frequency integrated circuits.

BACKGROUND

Mobile, wireless, and/or handheld portable devices
increasingly become multifunctional communication
devices. These handheld portable devices integrate an
increasingly wide range of functions for handling a plurality
of wireless communication services. For example, a single
handheld portable device may include an FM recerver along
with GPS, CDMA, Wi-Fi, WiMAX, CDMA2000 and 3G
receivers.

FM receivers require wideband low-noise amplifiers
(LNASs) as they operate from 76 MHz to 108 MHz. Specifi-
cations requirements for FM receiver sensitivity include a
wide band LNA with sufficient gain and a noise figure (NF)
that 1s below 3 dB. This NF might be easily achievable for
L.NAs using source degenerating inductors.

Moreover, source impedance matching 1s usually required
to limit reflections on an antenna or to avoid alterations of the
characteristics of any RF filter preceding the LNA. An LNA
exploiting an inductor achieves such requirements, but only
in a narrow frequency band around resonance.

Inductors tend to occupy significant die area. As 1n newer
CMOS technologies the area costs increase, area consuming
inductors increase the overall device cost. FM receivers are
considered auxiliary products 1n a multifunctional communi-
cation device and they must occupy very small die area so
they do not impact the overall device cost. Thus, the use of
inductors for FM receivers 1s prohibitive.

Alternative solutions for impedance matching have to be
considered to achieve power matching at the input of the
LNA. Alternative solutions for impedance matching have to
be considered to achieve power matching at the input of the
LNA. One such solution may include adding input resistive
termination to a common source gain stage of the LNA. An
alternative solution 1s to use a common gate as mput stage of
the LNA. Yet another solution 1s to use a shunt feedback
common source stage as input stage of the LNA. These meth-
ods would provide a good power matching but may greatly
degrade the NF. Most LNAs based on resistive termination
provide good power matching but greatly degrade the NF.

To decouple impedance matching from noise figure vari-
ous circuit techniques that include noise canceling have been
proposed. Most of these circuit techniques are based on the
following principle of operation: An RF signal appears at a
first node while a replica of the RF signal, proportional to the
RF signal, appears at a second node. However, the thermal
noise contribution due to the mput stage of the LNA appears

5

10

15

20

25

30

35

40

45

50

55

60

65

2

with opposite polarity at each node. Thus, noise cancellation
may be achieved by summing the RF signal and 1ts replica.

Various such topologies have been shown 1n the literature.
Yet, there 1s always a need to improve them and achieve even
smaller die size and even lower power consumption, particu-
larly for auxiliary components such as FM receivers.

FIG. 1 shows an implementation of an LNA with noise
canceling for an FM receiver.

The LNA includes input stage circuit 12, first amplifier 14
and second amplifier 16. Input stage circuit 12, includes MOS
transistor M, 1n a common gate configuration coupled to load
resistor R, . First amplifier 14 comprises a pair of complimen-
tary MOS transistors, M2p and M2z, 1n a common source
configuration and 1s ac-coupled to the second amplifier
through capacitors C, . and C,_ .. Each of these capacitors
along with each of resistors R, 5, and R, ., respectively,
forms a high-pass filter for the signal appearing at the output
of first amplifier 14. Typically, R, 5 1s equal to R, . The
impedance at the mnput of the second amplifier, and more
specifically at the source node of transistors M3#z and M3p, 1s
1/gm in parallel with R, 5 or R, . The transconductance of
transistors M3 and M3p 1s defined as gm. Given reasonable
transistor size and biasing current, the impedance looking
into the mput of the second stage may be well below 1K ohm.
Within the FM band, (76 MHz~108 MHz), the signal at the
output of the first amplifier has to pass through the high-pass
filter with minimum loss, which dictates that the high pass
corner of the high-pass filter has to be much lower than the
lower operating frequency of the FM band (76 MHz). Thus,
ac coupling capacitors C, . and C,__ have to be quite large to
meet this requirement.

The use of large capacitors 1s undesirable not only because
they occupy significant die area but also because they do not
allow sharing or reusing of current between the different
amplification stages of the LNA; thus, resulting 1n noise can-
celing solutions with a high current consumption LNA.

It1s desirable to design a noise canceling LNA that does not
require either a large inductor or large capacitors and that 1s
suitable for low current consumption.

3ac Aac

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an implementation of an LNA with noise
canceling for an FM recerver.

FIG. 2 1s a schematic diagram of an exemplary embodi-
ment of an LNA with noise canceling.

FIG. 3 1s a simplified schematic diagram 1llustrating the
noise canceling principle for the LNA exemplary embodi-
ment of FIG. 2.

FIG. 4 1s a schematic diagram of another embodiment of an
LNA with noise canceling.

DETAILED DESCRIPTION

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or 1illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be con-
strued as preferred or advantageous over other embodiments.

The detailed description set forth below in connection with
the appended drawings 1s intended as a description of exem-
plary embodiments of the present invention and 1s not
intended to represent the only embodiments 1 which the
present invention can be practiced. The detailed description
includes specific details for the purpose of providing a thor-
ough understanding of the exemplary embodiments of the
invention. It will be apparent to those skilled 1n the art that the
exemplary embodiments of the imvention may be practiced
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without these specific details. In some instances, well known
structures and devices are shown 1n block diagram form 1n
order to avoid obscuring the novelty of the exemplary
embodiments presented herein.

Those of skill in the art would understand that information 5
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec- 10
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

The present disclosure 1s directed to various embodiments
of an improved LNA with noise canceling. The disclosed
solutions eliminate the need for large ac coupling capacitors 15
thus reducing the die size occupied by the LNA. Furthermore,
the elimination of ac coupling capacitors between amplifica-
tion stages of the LNA allows current reuse thus resulting in
low current consumption.

According to the present disclosure, the LNA incorporates 20
an 1nput stage circuit, a first amplifier and a second amplifier.
Theinput stage circuit recerves an RF signal and 1t 1s biased to
provide matching to a source impedance. The first amplifier
amplifies a first voltage appearing at the input of the LNA.
The first voltage has a first noise voltage component due tothe 25
noise of the mput stage devices. The first amplifier converts
the first no1se voltage component 1nto a first noise current and
feeds the first noise current to the second amplifier.

A second amplifier amplifies a second voltage. The second
voltage 1s proportional to the first voltage and has a second 30
noise voltage component. The second noise voltage compo-
nent 1s proportional and of opposite phase to the first noise
voltage. The second amplifier converts the second noise volt-

age component mto a second noise current and adds the
second noise current to the first noise current so that the first 35
noise current and the second noise current cancel each other

at the output of the LNA.

The first amplifier 1s directly coupled, dc coupled, to the
second amplifier. As a result, the disclosed solution uses
smaller ac capacitors 1n the LNA when compared with pre- 40
vious solutions such as the solution shown 1n FIG. 1.

FIG. 2 1s a schematic diagram of an exemplary embodi-
ment of an LNA with noise canceling. LNA 20 includes input
stage circuit 22, first amplifier 24 and second amplifier 26.
Input stage circuit 22, includes MOS transistor 202 (M, )mma 45
common gate configuration coupled to load resistor 222 (R, ).
First amplifier 24 includes a pair of complementary MOS
transistors 250, 252 (M., M,.~) and capacitors 242 and
244. Second amplifier 26 comprises MOS transistor 260
(M...~) and capacitor 262. MOS transistor 260 1s 1n a source 50
follower configuration.

The gates of MOS transistors 250 and 252 are coupled to
the mput of the LNA, node 200, through capacitors 242 and
244, respectively. The source of first MOS transistor 250 of
the pair of complementary MOS transistors 1s coupled to the 55
positive supply. The drain of first MOS transistor 250 of the
pair 1s coupled to the drain of second MOS transistor 252 of
the pair and to the source of MOS transistor 260. The source
of second MOS transistor 252 of the pair 1s coupled to ground.

LNA 20 turther comprises MOS transistor 266 (M,.~) and 60
resistor 212 (R, ;). The gate of MOS transistor 266 1s coupled
to the mput terminal of the LNA through capacitor 264, the
source ol MOS transistor 266 1s coupled to the positive power
supply and the drain of MOS transistor 266 1s coupled to the
output of the LNA. MOS ftransistor 266 1s used as a third 65
amplifier to improve the overall gain of the LNA. Resistor 212
has one terminal coupled to the source of MOS transistor 260

4

and another terminal coupled to ground. Resistor 212 1s used
as a degeneration resistor to MOS transistor 260.

First amplifier 24 senses a {irst noise voltage appearing at
node 200. Node 200 1s the mput of the LNA. The first ampli-
fier converts the first noise voltage into a first noise current at
node 220. Node 220 1s the output of the first amplifier.

Second amplifier 26 senses a second noise voltage appear-
ing at node 210. Node 210 1s the output of the mnput stage
circuit. The second noise voltage 1s proportional to the first
noise voltage. Second amplifier 26 converts the second noise
voltage 1nto a second noise current, which appears at node

240. Node 240 1s the output of the second amplifier and 1s also
the output of the LNA.

Second amplifier 26 sums the first and the second noise
currents at the output of the LNA 1n such a way that the first
and the second noise currents substantially cancel each other.
As a result, the noise due to the input stage circuit 1s substan-
tially canceled at the output of the LNA.

The transconductance of the first amplifier 1s designed as a
function of the transconductance of the second amplifier 1n
order to set the first noise current equal and of opposite sign to
the second noise current.

The first amplifier 1s directly coupled, dc coupled, to the
second amplifier. As aresult, the LNA uses smaller ac capaci-

tors when compared with previous solutions such as that
shown 1n FIG. 1.

A simplified schematic view of the LNA 1s shown 1n FIG.
3 to further illustrate the noise canceling mechamsm. FIG. 3
1s a simplified schematic diagram illustrating the noise can-

celing principle for the LNA exemplary embodiment of FIG.
2.

NMOS transistor M, represents the transconductance gm?2
of the pair of complementary MOS transistors 250 and 252
used as the first amplifier 1n FIG. 2. NMOS transistor M,
represents the transconductance gm3 of transistor 260 used as
the second amplifier in FIG. 2.

Noise current source 270 represents the noise current In
due to MOS transistor 220 included in the input stage circuit
of FIG. 2. Resistor 280 has a value equal to r ,_ and represents
the total output impedance of the pair of complementary

MOS transistors 250 and 252.

The noise current of MOS transistor 220 which 1s modeled
by the current source 270, flows 1nto node 200 but out of node
210. This creates two fully correlated noise voltages with
opposite phases. The first noise voltage V,, at node 200,
equals to alpha*In*Rs and the second noise voltage V,, at
node 210, equals to —alpha*In*R,. These two voltages are
converted to currents by the first and the second amplifier,
respectively. By properly selecting transconductances g_
and g _ ., the noise contributed by MOS transistor 220 can be
cancelled at the output of the LNA. On the other hand, the
signal voltages at nodes 200 and 210 are in phase, resulting 1n
constructive addition at the output. The condition for com-
plete noise cancellation 1s derived by the following equation
as:
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Assuming a degeneration factor [3:

_ 3 Fds
ﬁ B 1 + Sm3¥ds
The gain of the LNA 1s
Em3 Em3¥ds
AF — Am R + man 2 MLih
Sml " \p L+ goaras Em?2 L+ goaras Zmon P
and the Noise Factor 1s:
AKTR; 4KT-NEF 4KT 5
— + 5 +R_ +4KT -NEF-g,»,. |- P
NF = 1 4 Kpe g3 Rpc : DG .
AKTR; - 1 A2 g2,
1 NEF
1 + + +
(gm2Rpc)  (gm2Rs)gm2Rpc)gm3Rpc)
1 NEF NEF 20 - NEF

+ =1+ =1+
(gm2Rs ) gmKpc)  (gn2 Rs) (&m2 Ks) Ay Kg

Degeneration factor {3 1s typically lower than one and helps
to provide a design tradeoil between power consumption and
noise figure.

FI1G. 4 1s a schematic diagram of another embodiment of an
LNA with noise canceling.

LINA 40 includes 1mnput stage circuit 42, first amplifier 44
and second amplifier 46. Input stage circuit 40, includes MOS
transistor 402 (M, ) 1n a common gate configuration coupled
to load resistor 422 (R, ). Firstamplifier 44 includes a first pair
of complementary MOS transistors 450, 452 (My ¢, Mazo)

and capacitors 442 and 444. Second amplifier 46 comprises a
second pair of MOS transistors 466, 460 (M., M...~) and

capacitors 462 and 464.

The gates of the first pair of complementary MOS transis-
tors 450,452 (M »~., My,~<) are coupled to input terminal 400
of the LNA through capacitors 442 and 444, respectively. The
source of MOS transistor 450 1s coupled to the positive supply

and the drain of MOS transistor 450 1s coupled to the source
of MOS transistor 466. The drain of MOS transistor 466 1s
coupled to the drain of MOS transistor 460 and to the output
of the LNA. The source of MOS transistor 460 1s coupled to
the drain of MOS transistor 452. The source of MOS transis-
tor 452 1s coupled to ground.

The gates of the second pair of complementary MOS tran-
sistors 466, 460 (M., M. ..) are coupled to an output of
input stage circuit 42 through capacitors 462 and 464 respec-
tively.

First amplifier 44 senses a first noise voltage appearing at
node 400. Node 400 1s the input of the LNA. The first ampli-
fier converts the first noise voltage 1nto a first noise current.
The first noise current 1s a differential signal appearing at
nodes 420 and 424. Nodes 420 and 424 are the outputs of the
first amplifier.

Second amplifier 46 senses a second noise voltage appear-
ing at node 410. Node 410 i1s the output of the mput stage
circuit. The second noise voltage 1s proportional to the first
noise voltage. Second amplifier 46 converts the second noise
voltage into a second noise current, which appears at node
440. Node 440 1s the output ol the second amplifier and 1s also

the output of the LNA.
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Second amplifier 46 sums the first and the second noise
currents at the output of the LNA 1n such a way that the first
and the second noise currents substantially cancel each other.
As a result, the noise due to the input stage circuit 1s substan-
tially canceled at the output of the LNA.

The transconductance of the first amplifier 1s a function of
the transconductance of the second amplifier 1n order to set
the first noise current equal and of opposite sign to the second
noise current.

The first amplifier 1s directly coupled, dc coupled, to the
second amplifier. As aresult, the LNA uses smaller ac capaci-
tors when compared with previous solutions such as that
shown 1n FIG. 1.

The first and the second amplifier are combined in a way
that they share current as the current at the differential output
ol the first amplifier 1s fed directly to the sources of the second
pair of MOS ftransistors. Current sharing results 1n a low
current implementation when compared to traditional imple-
mentations that use ac coupling between the LNA amplifica-
tion stages.

Exemplary embodiments of the disclosed LNA such as
those shown in FIG. 2 and FIG. 4 when used for an FM
receiver demonstrate at least 30% die area reduction over
previous solutions.

The LNA provides for dc coupling between amplification
stages of the LNA thus allows current reuse between a first
and a second amplifier making the proposed solutions low
POWE.

Those of skill would further appreciate that the various
illustrative logical blocks, modules, circuits, and algorithm
steps described 1n connection with the embodiments dis-
closed herein may be implemented as electronic hardware,
computer soltware, or combinations of both. To clearly 1llus-
trate this interchangeability of hardware and software, vari-
ous 1llustrative components, blocks, modules, circuits, and
steps have been described above generally 1n terms of their
functionality. Whether such functionality 1s implemented as
hardware or soitware depends upon the particular application
and desi1gn constraints imposed on the overall system. Skilled
artisans may 1mplement the described functionality i vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the exemplary embodiments of the
invention.

The various 1illustrative logical blocks, modules, and cir-
cuits described in connection with the embodiments dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a Digital Signal Processor (DSP), an
Application Specific Integrated Circuit (ASIC), a Field Pro-
grammable Gate Array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but 1n the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
One or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps ol amethod or algorithm described 1n connection
with the embodiments disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside mm Random Access Memory (RAM), flash
memory, Read Only Memory (ROM), Electrically Program-
mable ROM (EPROM), Electrically Erasable Programmable
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ROM (EEPROM), registers, hard disk, a removable disk, a
CD-ROM, or any other form of storage medium known in the
art. An exemplary storage medium 1s coupled to the processor
such that the processor can read information from, and write
information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. The proces-
sor and the storage medium may reside 1n an ASIC. The ASIC
may reside 1n a user terminal. In the alternative, the processor
and the storage medium may reside as discrete components 1n
a user terminal.

In one or more exemplary embodiments, the functions
described may be implemented 1n hardware, software, firm-
ware, or any combination thereof. If implemented 1n soft-
ware, the functions may be stored on or transmitted over as
one or more instructions or code on a computer-readable
medium. Computer-readable media includes both computer
storage media and commumnication media including any
medium that facilitates transfer of a computer program from
one place to another. A storage media may be any available
media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to carry
or store desired program code in the form of mstructions or
data structures and that can be accessed by a computer. Also,
any connection 1s properly termed a computer-readable
medium. For example, 11 the software 1s transmitted from a
website, server, or other remote source using a coaxial cable,
fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave,
then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave
are included 1n the definition of medium. Disk and disc, as
used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc
where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-
readable media.

The previous description of the disclosed exemplary
embodiments 1s provided to enable any person skilled in the
art to make or use the present invention. Various modifica-
tions to these exemplary embodiments will be readily appar-
ent to those skilled in the art, and the generic principles
defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the
present invention 1s not intended to be limited to the embodi-
ments shown herein but 1s to be accorded the widest scope
consistent with the principles and novel features disclosed
herein.

What 1s claimed 1s:

1. A low noise amplifier (LNA), comprising:

an iput stage circuit to receive an RF signal and having a

first node and a second node:
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a first amplifier including a first pair of complementary
MOS transistors each coupled to the first node through a
pair ol capacitors, respectively, to convert a noise volt-
age at the first node into a first noise current at output
nodes of the first amplifier; and

a second amplifier including a second pair of MOS tran-
sistors having their gates coupled to the second node
through a pair of capacitors, respectively, the second
amplifier providing noise canceling by summing the first
noise current with a second noise current generated by
the second amplifier as a function of the noise voltage at
the second node,

where the source of the first MOS transistor of the first pair
1s directly connected to the positive supply and where
the drain of the first MOS transistor of the first pair 1s
directly connected to the source of the first MOS tran-
sistor of the second pair.

2. The LNA of claim 1, where the input stage circuit sets the

second noise voltage proportional to the first noise voltage.

3. The LNA of claim 1, where the transconductance of the
first amplifier 1s a function of the transconductance of the
second amplifier in such a way that the first noise current 1s
equal and of opposite sign to the second noise current.

4. The LNA of claim 1, where the drain of the first MOS
transistor of the second pair 1s directly connected to the drain
of the second MOS transistor of the second pair and to an
output of the LNA.

5. The LNA of claim 4, where the source of the second
MOS transistor of the second pair 1s coupled to the drain of
the second MOS transistor of the first parr.

6. The LNA of claim 5, where the source of the second
MOS transistor of the first pair 1s coupled to ground.

7. The LNA of claim 4, where the input stage circuit sets the
second noise voltage proportional to the first noise voltage.

8. The LNA of claim 5, where the input stage circuit sets the
second noise voltage proportional to the first noise voltage.

9. The LNA of claim 6, where the input stage circuit sets the
second noise voltage proportional to the first noise voltage.

10. The LNA of claim 4, where the transconductance of the
first amplifier 1s a function of the transconductance of the
second amplifier in such a way that the first noise current 1s
equal and of opposite sign to the second noise current.

11. The LNA of claim 5, where the transconductance of the
first amplifier 1s a function of the transconductance of the
second amplifier in such a way that the first noise current 1s
equal and of opposite sign to the second noise current.

12. The LNA of claim 6, where the transconductance of the
first amplifier 1s a function of the transconductance of the
second amplifier 1n such a way that the first noise current 1s
equal and of opposite sign to the second noise current.
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